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THE PROBLEM
This series of experiments was performed in an attempt to
clarify the relationship of metabolic levels to the survival of
rats subjected to high tensions of oxygen (greater than one
atmosphere). Different metabolic levels were induced by hypo-
thermia, and by drugs that produce hypo- and hyperthyroid
states. Oxygen consumptions at the various metabolic levels
were determined in order to compare the oxygen consumption of
the rats in each group to the number of survivals after expos-
ure to oxygen at high pressures (hereinafter referred to as
OHP). Since oxygen consumption is an index of the amount of
cellular metabolism, it was felt that such a comparison would
elucidate the role of cellular metabolism in poisoning by OHP.
HISTORICAL REVIEW OF LITERATURE
A . Oxygen Poisoning and Body Temperature .
Priestly in 1775, shortly after having isolated oxygen
(dephlogisticated air as he called it), first recognized that
oxygen could have a noxious effect on the human body. Indeed
he wrote,
though pure dephlogisticated air might be useful as a
medicine, it might not be so proper for us in the
usual healthy state of the body: for, as a candle
bums out much faster in dephlogisticated than in
common air, so we might, as may be said, live out
too fast . . •
iSiTf or . £
3.fG lo ( .1 c .v. C; 0.. - ' ~lr
©no -iBi ; totse*
.
n©3 ' o ano e ©tf rr X : ot Ltx'oo'rfia a jy.
•
'
. (
'
'VV
; *z
" ~ • o;v- .• S' r. •
'•
~
. o •
’
.
blsjow ncziixa. • teritf tflel aby/ ^BtlocS&tem. taHstlleo
* '
.
. ;
.
"
; .
. ;
• •
, -id
-
o r:\v f.
’
•
" i a 6 ti * .
.
•
’
•
• JSC '
t vi.'-L . ; i . r - ;
'
. . .
r
One hundred, years later, Paul Bert (1873) presented exten-
sive evidence demonstrating that animals can actually be
"poisoned" by air at increased pressures (that is, greater than
one atmosphere) and that this poisoning is due to the tension
(partial pressure) of oxygen, within the air, rather than the
effect of pressure per se . Bert felt that one of the most im-
portant points of this research was the observation that "the
inner temperature" (body temperature of the animal) "drops in
all cases rapidly and considerably" when an animal is poisoned
by high tensions of oxygen. He attributed this body tempera-
ture fall to "a diminution of intensity of chemical acts which
produce the animal heat"; in other words, a decreased consump-
tion of oxygen, and decreased production of carbonic acid and
urea. The body temperature fall was of the order of 10 to 15
degrees Centigrade for all of the animals he studied (rats,
mice, sparrows, and dogs), (Pressure range three to eight
atmospheres OHP).
Bert f s experiments on rat s were done in the pressure
range of three to seven atmospheres of oxygen, and between
three and twelve atmospheres of air. He found that rats upon
exposure to three and one-fourth atmospheres of ordinary air
pressure (20^ oxygen) for two and one-half hours showed no
sign of oxygen poisoning and little (1°C) or no drop in rectal
temperature. Whereas, in super-oxygenated air (60^ oxygen) at
the same pressure and for the same length of time, the rats
showed definite signs of oxygen poisoning (convulsions, etc.)
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3and had a rectal temperature Tall of six to seven degrees.
This was considered proof that the rats were being poisoned by
the partial pressure of oxygen in the air rather than by the
pressure itself. The carbon dioxide content was the same in
both cases.
Another experiment was designed to demonstrate the effect
of the partial pressure of oxygen in a different manner. Two
rats were used. One was exposed to 12 atmospheres of ordinary
air (20$ oxygen) for three hours, while the other rat was ex-
posed to two and one-third atmospheres of 100$ oxygen for
three hours. Both rats died soon after decompression, having
had only a four degree drop in rectal temperature. This exper-
iment was repeated on large numbers of sparrows and dogs, with
exactly the same results. Note that it required five times
the amount of compressed air as 100$ oxygen to poison the ani-
mals, but that the tensions of oxygen (the partial pressures)
were the same in each case.
Hill and MacLeod (1903 a,b,c,) found a drop in body temp-
erature and diminished carbon dioxide output and oxygen absorp-
tion in rats, mice, and young rabbits exposed to OHP (two to
ten atmospheres) and proposed that these metabolic changes are
a sign of poisoning by oxygen.
Thompson (1889) reported a decrease in body temperature
of 14°C in monkeys, pigeons, guinea pigs, and dogs exposed to
OHP (4.2 atmospheres for one hour). However, an alligator ex-
posed to OHP for the same time and pressure showed no signs of
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oxygen poisoning, and its body temperature increased from 51.25
to 75°P (environmental temperature 66°C).
Cleveland (1925) found that frogs were more resistant to
OHP than warm-blooded animals.
Almeida (1934, a), Dionessow, et. al. (1934), and Hederer
and Andre (1940) found a similar decrease in body temperature
in several different warm-blooded animals.
One cannot use body temperature as an index of metabolic
changes in animals exposed to OHP without reservation and care.
Hill and MacLeod (1903,c) pointed out that the "increased
thermal conductivity" of a compressed gas contributes to the
lowering of the body temperature of animals exposed to OHP.
Campbell (1937, a) stressed the importance of environmental
temperature upon survival of animals exposed to OHP. An envi-
o
ronmental temperature of 24 C seemed to protect the rats upon
exposure to OHP (six atmospheres for 30 minutes) in comparison
with animals exposed to a 33°C environmental temperature under
the same experimental conditions. At 24°C, 31 out of 58 rats,
or 53.5% survived. At 33°C, three out of 39 rats or 7.7% sur-
vived. He assumed that the lower environmental temperature
lowered the body temperature. He further assumed that the
higher environmental temperature prevented the body temperature
from falling when the rats were exposed to OHP. Therefore, he
concluded that lowered body temperatures protected animals upon
exposure to OHP. Yet he presented no experimental evidence to
support his assumptions. It must be pointed out that a 33°C
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5environmental temperature cannot be construed as a normal
temperature. It is well known that healthy rats succumb read-
ily to such high environmental temperatures without subjecting
them to any experimental procedures. 1 This has been our ex-
perience also.
The effect of environmental temperature in the poisoning
of insects by OHP was demonstrated by Williams and Beecher
(1944) in experiments on Drosophila. At 34.2°C and rive atmos-
pheres of oxygen, the rate of poisoning was eight times as
rapid as at the temperature 14.4°C.
It does not seem that any well substantiated conclusions
can be drawn from the previous literature about the effect of
environmental temperature in poisoning of warm-blooded animals
by OHP.
B. Oxygen Poisoning and Starvation .
Almeida (1934, a) showed that starvation lessens mor-
tality of animals exposed to OHP, the theory being that starva-
tion decreases the metabolism and therefore increases the re-
sistance of animals to OHP. This effect of starvation has been
confirmed by Campbell (1937, a, b) and Hederer and Andre (1940)*
%)
1. This statement has been confirmed by Mr. Everett
Aubry, Breeder of the Charles River Laboratories, Boston. It
is the experience of that Laboratory that 31.5°C environmental
temperature is the upper limit that rats can tolerate without
serious damage to their health. Above this temperature, heat
exhaustion, stunted growth, loss of weight, and death are not
uncommon.
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C . Oxygen Poisoning and the Thyroid •
Campbell (1937, b) administered thyroxin (0.4 mgm.
)
to rat3 and found that this enhanced oxygen poisoning (exposure
to six atmospheres of oxygen for 30 minutes at 24°C environ-
mental temperature). Whereas removal of the thyroid gland of
rats increased the resistance to oxygen poisoning even when
the environmental temperature was raised to 33°C. At 33°C
environmental temperatiire and six atmospheres of oxygen for
30 minutes, he had previously found a 7 * 7% survival (Campbell,
1937, a). Of six thyroidectomized rats exposed to the same
pressure and environmental temperature for the same length of
time, all survived and showed no signs of oxygen poisoning.
On the basis of these experiments, Campbell stated, ”...
oxygen poisoning is due to acceleration and increase of the
usual oxidative processes in the nerve centers; • • . the
thyroid gland plays an important part in this toxic action.” .
METHODS AND APPARATUS
In order to determine more accurately the significance of
body temperature change and its relationship to metabolism in
OHP, it was decided to investigate the effect upon survival of
cooling rats to rectal temperatures of 20°, 25°, and 30°C.
Secondly, it seemed pertinent to reinvestigate the ef-
fects of hypo- and hyperthyroidism by slightly different tech-
niques than those employed by Campbell (1937, b) so that a
comparison could be made of the results of two different
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methods of altering metabolism.
A. OHP Follov;ing Hypothermia .
1. Male albino rats of the Wistar strain, purchased
from the Charles River Breeding Laboratories, Boston, v/ere used.
(Average weight 200 grams; range 150 to 300 grams)
2. All animals were starved twenty-four hours and
were weighed before being used in the experiments.
3. All of the animals used (both the experimental and
control) were plainly marked by cuts in the ear and/or cresyl
violet dots on the back of the neck.
4. Experimental rats were placed in individual boxes
and their rectal temperatures taken by insertion of a thermom-
eter previously brought to within one degree of the estimated
rectal temperature.
5. The experimental rats were then placed in ice
water up to the neck until their rectal temperature (which was
checked every five minutes) readied the desired level. They
were then quickly removed from the water and dried with a dry
towel. Then they were immediately placed in the pressure tank.
6. Control rats (37°C rectal temperature) were ex-
posed to OHP simultaneous^1- with the hypothermic rats. In
some cases the controls were immersed in 37°C water for the
same period of time as the immersion of the hypothermic rats
in the colder water. In the majority of cases the controls
were merely dipped in water and dried to the same extent as the
hypothermic rats. In still other cases the controls were not
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immersed, at all. No significantly different results were ob-
tained in any of the three groups of control animals upon ex-
posure to OHP.
8
-v
7. The six to ten rats (experimental and control)
were placed in the pressure tank (see Figure 1) immediately
after they were dried, and the pressure increased gradually
over a 15-minute period to 60 pounds per square inch (herein-
after referred to as psi) gauge pressure (five atmospheres)
or to 68 psi gauge pressure (5.5 atmospheres) with 99.8^ pure
medical oxygen from an oxygen cylinder.
8. The tank temperature was kept constant at 20° or
25°C by controlling the room temperature.
9. A continuous flow of oxygen was maintained by ad-
justment of the blow-off valve.
10. Compression at peak pressure was maintained for
one hour.
11. The analysis of air taken from the tank at dif-
ferent intervals during compression did not show any detectable
amounts of carbon dioxide.
12. Decompression was gradual over a period of 30
minutes (approximately two pounds per minute).
13. As soon as the rats were removed from the pressure
tank, their rectal temperatures were recorded.
14. Arbitrarily, any animal that was alive 10 days
after exposure was considered a survivor
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Double Stage
Reduction Valve
Figure 1
Apparatus—Pressure Tank

B. Hypothermia and Metabolism .
1. The apparatus shown diagrammatically in Figure 2
was used to record metabolic rate. The bell jar easily accom-
modated five rats. Soda lime for carbon dioxide absorption
was placed both in the bell jar and in the spirometer and re-
placed at frequent intervals.
2. The spirometer was filled with oxygen. The
oxygen consumption of rats cooled to 20°, 25°, and 30°C, and
control rats (37°C) was measured.
3. Five rats cooled to a specific temperature were
placed in the bell jar for a given experiment.
4. Rats starved for 24 hours were used in all cases.
The animals were weighed immediately before using.
5. The bell jar, sealed with mercury, was opened to
the spirometer. The apparatus was allowed to come to a con-
stant temperature before the recording started.
6. Oxygen consumption was measured for one hour and
forty-five minutes and recorded as milligrams oxygen per 100
grams body weight.
7. Upon removal from the bell jar, the rectal temp-
eratures were recorded.
C. Hypo- and Hyperthyroidism and OHP .
1. 25 rats were fed a diet of 0.05^ 6-n -propyl-
thiouracil mixed in the Rockland Farms Rat Diet ( New City)
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Figure 2
Apparatus Tor
Measuring Basal Metabolic Rate

New York) for 22 days."’ 2
2 • 25 rats were fed the normal Rockland Farms Rat
Diet which was the stock diet in our colony.
3. 25 rats were fed dessicated thyroid powder 0 * 12%
in the diet for six to eight days. 1 One rat aiea on the fifth
day from unknown causes.
4. Oxygen consumptions were determined as before on
each group of rats (five at a time) just before placing them
in the pressure tank. Rats starved for 24 hours were used.
5. Rectal temperatures were recorded before placing
the rats in the pressure tank.
6. Two or three rats from each group (equal numbers
from each group) were placed in the pressure tank for each
experiment.
7. Compression was as before (A, 6 to 14) but to 64
psi maintained for one hour. Tank temperature ranged from
25° to 28°C.
8. Rectal temperatures, taken as previously described
were recorded immediately following removal from the tank.
9. Again 10 aays t survival was arbitrarily chosen.
1. Dosages suggested by Dr. E. B. Astwood of the New
England Medical Center, Boston (personal communication).
2. Propylthiouracil through the courtesy of Lederle
Laboratories.
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D. Correction of the Pressure Gauge .
It has been stated that the animals in these experi-
ments were compressed to 60, 64, or 68 psi gauge pressure.
After completion of the entire series of experiments, our
gauge was tested against a standard mercury gauge. The re-
sults of this test are listed in Table I. It may be seen that
when the rats were subjected to a reading of 60 psi on our
gauge, they were actually compressed to 61.5 psi or 5.2 atmos-
pheres. Similarly, compression to 68 psi on our gauge was
actually compression to 70.5 psi or 5.8 atmospheres, and com-
pression to 64 psi was actually 65.5 psi or 5.5 atmospheres
pressure. It may be noted that varying the environmental
temperatures between 20° and 30°C did not change the gauge
readings.
RESULTS
A. OHP Following Hypothermia .
The effects of cooling upon the survival rate of rats
exposed to OHP can be seen in Tables II, III, and IV. Table
II represents 181 rats exposed to 5.2 atmospheres oxygen pres-
sure. The rats were treated in the following ways : a) rats
cooled to rectal temperatures of 20°, 25°, and 30°C; b) tank
temperature 20° and 25°C; and c) control rats. Table III rep-
resents 141 rats exposed to 5.8 atmospheres of oxygen pressure
treated in the same ways as the rats in Table II.
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TABLE I
Calibration or the Pressure Gauge
to the Nearest 0.5 psi
Standard Mercury Gauge
Readings
Our Gauge Readings :
50.0 psi 48.0 psi :
55.0 psi 53.5 psi :
60.0 psi 58.5 psi :
65.0 psi 63.6 psi :
70.0 psi 67.5 psi :
75.0 psi 72.0 psi :
80.0 psi 76.0 psi :
Note: Environmental temperature was varied
between 20°C and 30°C without changing the
gauge readings.
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TABLE II
Survivals of 181 Rats
Exposed to 5.2 Atmospheres Oxygen Pressure for One Hour
| Rectal Temp. Tank Temp.
S u r v i v
Numbers
ora
Per
[
Cent
: 20°C 20°C 9 of 10 90 ol7°
:
25°0 20°C 3 of 12 25 %
:
30°C 20° C 9 of 12 75 %
! 37°C 20°C 18 of 36 69. 2%
1 20°c 25°G 32 of 40 80 %
: 25°C 25°C 18 of 38 47. 4$
:
30° C 25°C 5 of 13 38. 4$
:
37° C 25°C 17 of 30 56. 4%
TABLE III
Survivals of 141 Rats
Exposed to 5.8 Atmospheres Oxygen Pressure for One Hour
Rectal Temp. Tank Temp. S u r v i v o r sNumbers Per Cent
20°C 20°C 1 of 16 6.25/o
25°C 20°C 3 of 12 25 %
30°C 20°C 3 of 12 25 %
37°C 20°C 5 of 23 21.8 %
20°C 25°C 3 of 19 15.8 %
25°C 25°C 3 of 23 13 %
30° C 25°C 1 of 8 12.5 %
37°C 25°C 5 of 27 18.5 %
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TABLE IV
Effects of Rectal Temperature
Upon the Survival of Rats
Exposed to 5.2 and 5.8 Atmospheres Oxygen Pressure
Rectal Temp. Tank Pressure
Survivors
Numbers Per Cent
20°C 5.2 atmos.5.8 atmos.
41 of 50
4 of 35
82 %
11 %
25°C 5.2 atmos.5.8 atmos.
21 of 50
6 of 35
42 %
17 %
30° C 5.2 atmos.5.8 atmos.
14 of 25
4 of 20
56 %
20 %
37°C 5.2 atmos.5.8 atmos.
35 of 56
10 of 50
62.4^
20 %
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Table IV was constructed to summarize the effects of the
various levels of body temperature on survival when exposed to
OHP. Figure 3 is a graph of the data in Table IV. The strik-
ing difference in survivals between 5.2 atmospheres OHP and
5.8 atmospheres is noteworthy.
In constructing Table IV we did not take environmental
(tank) temperature into account, for the following reason:
Although some workers have reported that environmental temp-
erature has a marked effect upon the survivals of warm-blooded
animals exposed to OHP (see Historical Review), we have not
found a significant difference in the survivals of rats at 20°C
and 25°C environmental (tank) temperature. The probability of
there being such a difference was found by the chi square tech-
nique to be of the order of 0.79, or considerably below the
accepted level of significance.
B-l. Metabolic Rate of Hypothermic Rats •
The metabolic rate of rats cooled to 20°C, 25°C,
30°C and of 37°C controls is recorded in Table V. Several dif-
ferent formulae have been reported for finding the surface area
of a rat. Yet, no one formula or constant has been generally
accepted. Therefore, to avoid confusion we have followed the
method of Carr and Krantz (described in The Rat in Laboratory
Investigation , 1942) and have expressed metabolic rate in
milligrams of oxygen consumed per 100 grams body weight. The
oxygen consumption has been measured for one hour and forty-
five minutes (which is the total time the rats are in the tank
' ••...)• j : ‘
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under positive pressures). However, we are primarily interest-
ed in the oxygen consumption during the one hour that the rats
would be exposed to the highest tensions of oxygen. Conse-
quently, column 8 of Table V is devoted to the average oxygen
consumption for the period of 15 to 75 minutes for each of the
four categories. Attention is called to the difference in
average oxygen consumption between 20°C, 25°C, 30°C, and 37°C
rectal temperature. It must be made clear that this analysis
has been carried on at one atmosphere . It is most difficult
to carry on accurate oxygen consumption studies at greater
than one atmosphere. It has been impossible to do it with the
experimental setup described in this paper. The oxygen con-
sumption for the first 15 minutes of the analysis could not be
obtained, because of the changes in temperature within the
apparatus during the time temperature equilibrium was being
established, and because an adequate amount of time had to be
allowed for absorption of carbon dioxide by the soda lime. It
has been our experience that this takes a maximum of 10 minutes*
Figure 4 is a graph of the data in column 8 of Table V, and a
graph of the per cent survival of animals exposed to 5*2 atmos-
pheres pressure (from the data in Table IV). The similarity
in the two curves may be readily seen.
The oxygen consumption over the recorded one hour and 30
minutes is represented in Figure 5. The oxygen consumption for
20°C rectal temperature seems to be approximately a straight
line function and is the lowest of the four categories*
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Figure 4
Comparison of Control and Hypothermic Rats
With Respect to a) Average Oxygen Consumption at One
Atmosphere and b) Per Cent Survival of Rats Exposed
to 5*2 Atmospheres OHP Pressure
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Figure 5
Oxygen Consumption
Over a Period, or One Hour and 45 Minutes
of Control and. Hypothermic Rats
.sc'-
Five and two-tenths atmospheres, 25°C rectal temperature
is the level at which the rats are most susceptible to OHP and
the oxygen consumption is greatest. The relationship between
per cent survival in OHP exposures at 5.2 atmospheres (as
described in Table IV) and average oxygen consumption (as
described in column 8 of Table V) is shown in Figure 6. This
indicates clearly the inverse relationship between oxygen con-
sumption at one atmosphere and per cent survival at OHP, the
correlation coefficient being -0.963.
B-2. Rectal Temperature Changes a) During OHP and b)
During Measurement of Oxygen Consumption .
In line with the observations of Bert and others,
we found a fall in rectal temperature of control rats during
their exposure to positive pressures of oxygen. The average
rectal temperature fall of control rats during exposure to
5.2 and 5.8 atmospheres of pressure at tank (environmental)
temperatures of 20° and 25°C are shown in the last column of
Table VI. Those rats that began exposure to high oxygen with
a rectal temperature reduced below normal tended toward a rise
in body temperature during the exposure to high oxygen. The
rise was inversely correlated with the rectal temperature at
the beginning of the exposure. That is, those rats cooled to
20°C showed a greater temperature rise during the one hour
and forty-five minutes exposure than did those rats cooled to
25°C. This rise in rectal temperature was much more pronounced
in those rats exposed to 5.2 atmospheres pressure than in those
..
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Correlation Between Per Cent Survival and
Oxygen Consumption of Control and Hypothermic Rats
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exposed to 5.8 atmospheres.
It would appear that the return to normal body temperature
Is somewhat delayed by the exposure to high oxygen pressures
since, with one exception, the rise at one atmosphere was con-
siderably greater over the same period of time than was the
rise during OHP exposure.
C. Hypo - and Hyperthyroidism and OHP .
The results of the thyroid experiments are listed in
Table VII. It should be noted that this series of experiments
was carried out at 5.5 atmospheres oxygen pressure for the
reason that previous experimentation indicated that this pres-
sure would give approximately 50^ survival of control rats if
they were exposed for the same length of time as the previous
experiments (one hour). From the Table it is apparent that the
propylthiouracil markedly depressed oxygen consumption, since
the average was reduced to 95 milligrams -per cent, whereas the
control group had an oxygen consumption of 149 milligrams-
per cent. The hyperthyroids showed an average oxygen consump-
tion of 182 milligrams -per cent. Figure 7 shows the relation
between the average oxygen consumption and the per cent sur-
vival when exposed to OHP in each of the three groups. The
correlation between oxygen consumption and per cent survival
is quite high, namely -0.985.
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TABLE VII
Effect of Propylthiouracil and of Desiccated Thyroid on
a) Survival of Rats to OHP (5.5 atmos.) and b) on O2
Consumption at Tank Temperatures of 25° to 28°C.
Hypothyroid
Receiving Propyl-
thioracil in Diet
•
Control
Regular Diet
Hyperthyroid
Receiving Desiccated
Thyroid in Diet
5.5 atmos. 1 atmos. 5.5 atmos. 1 atmos. 5.5 atmos. *, 1 atmos.
No. of
Survivors
Consump-
tion mg/lOO
gins, body
wt
.
No. of
Survivors
O2 Consum-
tion mg/lOC
gms. body
wt
.
No. of
Survivors
.
O2 Consump-
* tion mg/lOO
\ gms. body
. wt.
-•
#1 4 of 5 76 mg O2 4 of 5 178. 5mg O2 2 of 5
•
234 mg O2
•
2 5 of 5 82.5 2 of 5 122 2 of 5 . 171
•
3 4 of 5 102 2 of 5 126 1 of 4 : 120
4 4 of 5 124 2 of 5 161.3 2 of 5
•
* 210
•
5 3 of 5 93 4 of 5 157.2 0 of 5 • 175
•
Total 20 of 25
= 80%
Average
= 96
mg 02
14 of 25
= 56%
Average
= 149.0
mg 02
7 of 24
= 29%
•
Average
*
= 182.0
:
mg o2
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Figure 7
Correlation Between Per Cent Survival and
Consumption of Hypo-, Hyperthyroid, and Control Rats
'.
.
/•
*v
’
•
. i • . . o'. .;c 'ic- ' J. r : -
.
‘
.
,
.
•. ; 'i*
- ••
.
:
"
1 '
.
G
DISCUSSION
»
The data obtained reveal a striking difference between
poisoning at 5.2 atmospheres and 5.8 atmospheres. At 5.2
atmospheres definite protection is afforded animals cooled to
20°C rectal temperature before exposure to OHP. It is signifi-
cant that 20°C rectal temperature is just 4°C higher than the
average lethal temperature for rats ( The Rat in Laboratory
Investigation
,
1942). It is further significant that rats
cooled to 20°C had the lowest oxygen consumption. At 20°C
rectal temperature all of the rats were deeply narcotized.
Very little narcosis was observed in rats cooled to 25°C rectal
temperature and no narcosis observed in rats cooled to 30°C
rectal temperature. Cooling to temperatures higher than 20°C
seemed to enhance poisoning. Rats cooled to 25°C were the most
susceptible to OHP and had the highest oxygen consumption.
As can be seen from Figure 3, there is no significant dif-
ference in survivals amongst the four groups at 5.8 atmospheres
One possible explanation of the sharp difference between the
curves of 5.2 atmospheres and 5.8 atmospheres might be that any
protective or deleterious effects of cooling to the three
rectal temperatures is masked by the tremendous susceptibility
of rats to OHP poisoning at 5.8 atmospheres for one hour.
It would seem from our data that the pressure that would
kill 50/6 of the control animals (the lethal dose 50^, herein-
after referred to as LD50 ) must be somewhere betv/een 5.2 atmos-
pheres and 5.8 atmospheres. For this reason 5.5 atmospheres of
29
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oxygen pressure was chosen for the thyroid experiments. A lim-
ited number of rats did indicate that this pressure must be
very close to the theoretical LD5Q. Prom these data it seems
justifiable to conclude that, for our strain and age rats, the
toxicity of oxygen increases sharply at pressures above five
atmospheres. Likewise, Stadie (1945, b) found eight atmospheres
of oxygen pressure for 30 minutes to be 90 to 100^ lethal for
rats.
It has been pointed out that, in our experience, there ap-
pears to be no significant difference in survivals of rats ex-
posed to OHP in environmental temperatures of 20 and 25°C.
Bert and others (see Historical Review) found a decrease
in body temperature of 10 to 15°C (rectal temperature) in rats
and other animals exposed to OHP. 7/e have found the drop of
body temperature in the control rats exposed to OHP ranges from
3 to 7°C (average 3.8°C). In no case did we find a drop of
more than 7°C.
The fact that there is a sharp difference between one at-
mosphere and 5.2 or 5.8 atmospheres in the amount of tempera-
ture rise in cooled rats and in the amount of fall of body
temperature of control rats during exposure (see Table VI),
tends to indicate that the metabolic processes of the body are
intimately involved in oxygen poisoning. Nevertheless, we can
not state at this time the significance, if any, of this
temperature change.
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Our work on the thyroid has confirmed the work of Campbell
(1937,b). Decreased thyroid activity, caused by administration
of propylthiouracil and indicated by a decreased oxygen con-
sumption, definitely protects animals from the toxic effects of
oxygen at increased pressures. Increased thyroid activity,
caused by the administration of desiccated thyroid powder and
indicated by an increased oxygen consumption, enhances the toxic
effects of OHP.
The most significant outcome of these experiments, however,
is the high inverse correlation between per cent survival and
oxygen consumption in both the hypothermia series and the
thyroid series. This relationship might be expected on the
grounds that a sluggish metabolic system would be less suscept-
ible to mass action stimulus of high concentrations of oxygen.
These data do not appear to confirm the belief of Stadie
(1945,a,b,c) that enzyme systems are inhibited, inasmuch as
enzymatic inhibition should be independent of the rate of oxy-
gen consumption in the animal exposed to OHP. Bean*s hypothesis
(1945) of the accumulation of carbon dioxide in the tissues due
to the inability of oxygen saturated hemoglobin to transport
the carbon dioxide away from the tissues is not untenable in
the light of these data. However, critical evaluation of this
point cannot be made from this data.
The exact mechanism or mechanisms whereby high oxygen ten-
sions evoke a toxic reaction to the living animal is not yet
apparent. It is significant that by and large those animals
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which succumb to exposure to high oxygen do so during or imme-
diately after the exposure. Very rarely does an animal who
survives the first four hours following exposure later die.
» In some instances, however, localized paralysis indicative of
central nervous system lesions can be observed, but it is rare
for these animals to survive for very long periods.
The difference between animals following exposure to OHP
is quite striking. Some animals seem to be completely -unharmed
by their experience and immediately go about preening them-
selves. Very Infrequently do these animals die. Their rectal
temperature rises to normal within a few hours after removal
from the tank, regardless of their rectal temperature at the
start of the experiment. Other animals are obviously in dis-
tress when removed from the tank. They have convulsive
seizures; they exhibit gasping movements. Almost universally,
they have considerable nasal and oral exudate of a watery
nature. Oftentimes, nasal hemorrhages have been observed.
The rats are wet, even if they have not been dipped in water
before the start of the experiment. As a rule, these animals
die within a few hours, or at most, a few days. Rewarming or
artificial respiration is to no avail. One finds that immedi-
ately following death a state of extension rigidity exists.
This differs from rigor mortis in that it (the rigidity) comes
on in a matter of minutes as compared with the one to two hours
post morten characteristic of rigor mortis in the rat.
It would appear that the toxicity of high pressures of
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oxygen is an acute rather than a chronic phenomenon and is in-
timately related to the normal metabolic processes of the body,
A slowing down of these metabolic processes apparently inde-
pendent of the means, appears to offer some protection to the
organism against the effects of the high oxygen pressures.
SUMMARY AND CONCLUSIONS
1. A striking difference in per cent survival of rats
exposed to 5.2 atmospheres and to 5,8 atmospheres OHP for one
hour is described, indicating that poisoning by increased oxy-
gen tensions does not proceed as a simple arithmetic progres-
sion.
2. Results of a series of 131 animals indicate that for
rats exposed to OHP for one hour, 5.5 atmospheres Is the approx-
imate pressure required for 50% survival.
3. Moderate changes in environmental temperature have no
significant effect upon survival rates of rats exposed to in-
creased oxygen tensions.
4. A decrease in rectal temperature of only 3-7°C
(average 3.8°C) in rats exposed to OHP is reported. The dis-
crepancy between these results and those of previous workers is
discussed.
5. Normal rats show a fall in rectal temperature when
exposed to OHP. Rats whose body temperature have been lowered
by immersion in ice water show a slower rate of recovery at
increased pressures than at one atmosphere.
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I
6. The rate of oxygen consumption of rats at one atmos-
phere pressure shows a high negative correlation with per cent
survival at increased oxygen tensions.
a) Rats which are cooled to a rectal temperature of
20°C show a decreased consumption of oxygen and an increased
resistance to OHP in comparison with normal control rats at
37°C.
b) Rats cooled to 25°C and 30°C show increased con-
sumption of oxygen and decreased resistance to OHP.
c) Rats treated with propylthiouracil (hypothyroid
rats) show a decreased consumption of oxygen and an increased
resistance to OHP.
d) Rats treated with desiccated thyroid powder show
an increased consumption of oxygen and a decreased resistance
to OHP.
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